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0 Metal scavenging process. 



© A metal can be scavenged and removed from 
waste water, in which the metal is contained as Ions, 
by adding to the waste water a metal scavenger 
together with at least one of sodium monosulfide, 

2 sodium potysulftdes and sodium hydrogensulfide. 

^The metal scavenger contains at least one car- 

Iflbodithio group and/or at least one carbodithioate salt 

O group as N-substttuents per molecule. 
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METAL SCAVENQiNQ PROCESS 



This invention relates to a metal scavenging 
process. 

As more and more problems are caused by 
contamination of rivers* sea and the like by waste 
water from factories and the like in recent years, 
stricter regulations have been enacted to avoid 
contamination by waste water, it is now a man- 
datory requirement to control metals in waste water 
below their corresponding prescritied concentra- 
tions. Particularly stringent regulations have been 
established against heavy metais harmful to human 
bodies, such as mercury, cadmium, zinc, copper 
and chromium. Accordingly, various processes 
have been proposed to remove heavy metai ions in 
waste water. As processes of this sort there have 
been known ion flotation, ion exchange, electrolytic 
floating process, electrodiatysis, reverse osmosis, 
neutralizing coagulation and sedimentation process 
in which an alkaline neutralizing agent such as 
staked lime or caustic soda is thrown to convert 
metal ions into tfieir hydroxides, which are then 
caused^ to coagulate and precipitate with a high 
molecular fiocculant, etc. It has also been known to 
insolubilize metal ions in waste water by using a 
metai scavenger, thereby causing the metai Ions to 
precipitate for their removal. As metal scavengers 
of this sort, metal scavengers containing ditiiiocar- 
bamic add compounds, each of which has a struc- 
ture fonmed of a monoamine such as dlalkyl- 
monoamine or diphenylmonoamine and one 
dithiocarboxy! group bonded to the nitrogen atom 
of the monoamine (Japanese Patent l^d-Open No. 
140360/1976), compounds of a structure obtained 
as a result of addition polymerization between a 
compound containing two acryloyi groups and an 
amino acid containing two N-bonded hydrogen 
atoms (Japanese Patent Publication No. 
10999/1979), aliphatic poiyditiiiocarbamic acids or 
their salts (Japanese Patent Laid-Open No. 
99978/1974), or tiie like. 

Ion flotation, ion exchange, electrolytic floating 
process, electrodialysis and reverse osmosis pro- 
cess are however dissatisfactory witii respect to 
the removal rate of heavy metals, operability, run- 
ning cost, etc. Under the circumstances, they are 
used only for certain special waste water treat- 
ments. On the other hand, the neutralizing coagula- 
tion and sedimentation process leads to production 
of metal hydroxide sludge in an enormous volume. 
Since this metal hydroxide sludge has poor de- ' 
watering characteristics and is bulky, it is accom- 
panied by a drawback that its transportation is 
difficult. In addition, it is very difficult to lower the 
contents of heavy metals In the metal hydroxide 
sludge below their conresponding levels specified 



by the effluent standard. Moreover, this sludge 
' Involves a furttier problem tiiat it may be dissolved 
again to develop a secondary pollution depending 
on the manner of its disposal. . Furtiier, the metal 

$ scavengers described In Japanese patent Laid- 
Open No. 140360/1976 and Japanese Patent Pub- 
lication No. 10999/1979 have problems in their 
affinity to metal ions, so that they are not consid- 
ered to achieve the removal of metal ions at suffi- 

10 dent removal rates from waste water. 

They are accompanied by anotiier shortcoming 
that the resulting floe fomned as a result of scaven- 
ging of metals ions requires lots of time for its 
settling and no efficient treatment is thus always 

16 feasible. 

With the foregoing in view, the present in- 
ventors have carried out an extensive investigation. 
As a result, it has been found that combined use of 
a metal scavenger, which contains as least one 

20 carbodithio group and/or at least one carixxJitiYioate 
salt group as N-substituents per molecule, and at 
least one of sodium monosultide, sodium polysul- 
fides and sodium hydrogensulflde pennnits tiie most 
efficent scavenging of metal ions from waste water, 

25 moreover, without failure. The atjove finding has 
then led to compietion of the present invention. 

In one aspect of this invention, there is thus 
provided a process for scavenging metal ions, 
which comprises adding a metal scavenger, which 

30 contains at least one carboditiiio group and/or at 
least one carbodithioate salt group as N-sub- 
stituents per molecule, together witii at least one of 
sodium monosulfide, sodium polysulfides and so- 
dium hydrogensulflde to waste water containing 

35 metai ions so as to scavenge and remove tiie 
metal ions from the waste water. 

According to the process of this invention In 
which the metal scavenger, which contains at least 
one cartx>ditiiio group and/or at least one car- 

40 bodithioate salt group N-substituents per molecule, 
is added together witti at least one of sodium 
monosulfide, sodium polysulfides and sodium 
hydrogensulfide to waste water so as to remove 
metal ions in waste water. Compared with pro- 

46 cesses making use of conventional metal scaven- 
gers, the process of tills invention can achieve 
efficient and satisfactory scavenging and removal 
of metal ions from waste water even at lower metal 
scavenger concentrations. Altiiough the metal scav- 

50 enger useful in the practice of this invention can 
still scavenge and remove metal ions to a suffident 
extent even when used singly, its combined use 
with at least one of sodium monosulfide, sodium 
polysulfides and sodium hydrogensulflde leads to 
synergistic effects, tiiereby bringing about an ad- 

2 
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avantageous effect tfiat compared with sole use of 
the metal scavenger, the settling velocity of floe is 
faster and metal Ions can hence be scavenged and 
removed with extremely good efficiency from waste 
water. 

The above and other objects, features and ad- 
vantages of this invention will become apparent 
from the following description of the invention and 
the appended claims. 

The metal scavenger useful in the practice of 
this invention is a compound containing, as N- 
sut>8tituent or substituents substituted for active 
.hydrogen atom or atoms tx5nded to tfie nitrogen 
atom in the molecule of a polyamine with a primary 
amino group and/or secondary amino group, at 
least one carboditiiio group -CSSH. and/or at least 
one cartxxiithioate salt group, e.g., its alkali metal 
salt such as sodium or potassium salt its alkaline 
earth metal salt such as calcium saft, its ammo- 
nium salt or the like. A metal scavenger containing 
at least one dithiocartx>xyl group as an N-substitu- 
em per molecule can be obtained, for example, by 
reacting carbon disulfide with a polyamine. The 
active hydrogen atom of the cartxxlithio group can 
bo sut)stituted with an alkali metal, alkaline earth 
metal, ammonium or the like to convert the car- 
k)odithio group into the corresponding car- 
bodittitoate group by treating the above metal scav- 
enger with an alkali such as sodium hydroxide, 
potassium hydroxide or ammonium hydroxide after 
tfie atxyve reaction or by conducting the above 
reaction in the presence of an alkali. The reaction 
between the polyamine and carbon disulfide may 
preferably be conducted in a solvent, preferably, 
water or an alcohol at 30 -100"C for 1 -10 hours, 
especially at 40 -70" C for 2 -5 hours. 

As exemplary polyamines, may be mentioned 
polyalkylenepolyamines such as ethylenedlamtne, 
propylenediamine, butylenediamine, hex- 
amethylene diamine, diethyienetriamine, 
dipropylenetriamine, dibutylenetriamine. 
tHettiylenetetramine. tripropylenetetramlne. 
tritxjtylenetetramine. tetraefliylenepentamine. 
tetrapropylenepentamine, tetrabutylenepentamine 
and pentaethylenehexamine; aniline; 
phenylenediamine; xylenediamine; methax- 
yienediamine; iminobispropylamine; mon- 
omethylaminopropylamine: 

methylimlnobispropylamine; 1 .3-bis(amlnomethyl)- 
cyclohexane; 3,5-diaminochlorot)enzene; melamine; 
1-aminoetiiylpiperazine: piperazine; 3,3'-dich- 
lorobenzidine; diaminophenyl ethen tolidine base; 
m-toluylenedlamine; and polyethylenepolyamine • 
(average molecular weight 100 -100,000, prefer- 
ably 300 or higher); and so on. In addition, N- 
substituted polyamines containing alkyi groups, /3- 
hydroxy alkyI groups, acyl group and the like, such 
as acylpolyamines may also be used. These N- 



substituted polyamines can be otitained by reac- 
ting alkyI halides, epoxyalkanes and fatty acid de- 
rivatives with the atxyve-descril^ed polyamines. As 
N-alkylpolyamines, there may t>e mentioned N-al- 

5 kylettiylenediamines, N-alkylpropylenediamlnes, N- 
alkylhexamethylenedlamtnes, N-alkyt- 
phenylenediamines. N-alkylxylenediamines. 
kykiiethylenetriamines. N-alkyh 
triettiylenetetramines, N-alkyltetraetiiylenepen- 

10 tamines, N-alkylpentaethylene hexamine. etc. The 
above N-substituted alkyI groups may preferably 
have 2 to 18 cartx)n atoms. N-hydroxyalkyh 
polyamines may preferably be those with fi- 
hydroxyalkyl groups the carbon number of which 

16 range from 2 to 30. including, for example, fi- 
hydroxyethyl, ^-hydroxypropyl. i84iydroxybutyl.^- 
hydroxydodecyl, /9-hydroxytetradecyi. /8-hydrox- 
yhexadecyl, /3-hydroxyoctadecyl, iS-hydroxyoc- 
tacoeyl, etc. As epoxyalkanes usable for introduc- 

20 ing /S-hydroxyalkyI groups, may for example be 
mentioned ethylene oxide, propylene oxide, 
buthylene oxide, a-olefin oxides (cartx)n numt)er: 6 
-30), etc. As N-acyipolyamines. those with acyl 
groups having 2 -30 cartx)n atoms are preferred. 

25 Illustrative N-acylpoiyamines may include N-acetyh 
polyamine. N-propionytpoiyamine, N-butyryl- 
polyamine. N-caproylpolyamine, N-lauroyl- 
polyamine, N-deoylpolyamine. N-myristytoyl- 
potyamine, N-stBaroyipolyamine. N-behenoyl- 

30 polyamine. and so on. The above-descrit)ed 
polyamines and N-substituted polyamines may be 
used either singly or in combination. 

In the metal scavenging process of this inven- 
tion, the above-mentioned metal scavenger is ad- 

35 ded together with at least one of sodium monosul- 
fide. sodium polysulfides and sodium hydrogensul- 
fide to waste water so as to scavenge and remove 
metal ions from the waste water. The settting char- 
acteristic of the resulting floe is good and an effi- 

40 cient waste water treatment is feasible, especially, 
when a sodium poiysulfide or sodium hydrogensul- 
fkle is emptoyed. As the sodium polysulfides, may 
be employed sodium disulfide, sodium trisuKide. 
sodium tetrasulfide or sodium pentasulfide. The 

45 objects of this invention can be attained so long as 
the weight ratio of the metal scavenger to the 
sodium sulfide falls within a range of from 1:99 to 
99:1 with 20:80 -98*.2 being particuiariy preferred. 
The metal scavenger and sodium sulfide may be 

60 mixed together in advance and then added to 
waste water. Attematively, they may be separately 
added to waste water. It is however preferred to 
add them after mixing them together t>eforehand. 
When they are added separately, their metal-ion 

55 removing effects are substantially equal no matter 
whettier the metal scavenger is added first and the 
sodium sulfide is then added or they are added in 
the opposite order. 
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Altiiough the metal scavenger of this invention 
can be used alone, its combined use with the 
above-described sodium sulfide permits formation 
of greater_floc. thereby reducing the time required 
for allowing the floe to settle and achieving more 
effident scavenging of metal ions from waste wa- 
ter. The above-mentioned sodium sulfide has 
complex-forming activity for metal ions. Since the 
resulting floc is extremely small when used singly, 
it is difficult to allow the floc to settle for its re- 
moval. The sodium sulfide can achieve efficient 
scavenging of metal ions from waste water for the 
first time when it is used in combination with the 
above-described metal scavenger. This effect ap- 
pears to be brought about by a synergistic effect of 
the complex-forming activity of the metal scaven- 
ger, which is useful in the practice of this invention, 
for metal ions and that of the sodium sulfide for 
metal tons. It is therefore preferable to add the 
metal scavenger and sodium sulfide in a total 
amount of 0.7 -4 mole equivalents or especially 0.9 
-1.5 mole equivalents based on the amount of 
metal ions in waste water. 

Upon adding the metal scavenger and sodium 
sulfide to waste water to scavenge and remove 
metal ions from the waste water in accordance with 
this Invention, it is preferable to adjust the pH of 
the waste water to 3 -10 or notably 4 -9. As an add 
or alkali to be employed for the pH adjustment any 
acid or alkali may be used so long as It does not 
impair floc formation. However, in general, hydro- 
chloric acidt sulfuric acid, nitric acid or the like is 
employed as an add while sodium hydroxide, po- 
tassium hydroxide, caldum hydroxide or the like is 
used as an alkali. 

According to the process of this invention, it is 
possible to scavenge mercury, cadmium, zinc, 
lead, copper, chromium, arsenic, gold, silver, plati- 
num, vanadium, thallium and the like efficiently for 
their removal. 

The present invention will hereinafter be de- 
scribed in further detail by the following Examples: 



Example 1: 

In a 4-neck flask fitted with a stinrer, thermom- 
eter, dropping funnel and reflux condenser. 40 g of 
ethyienediamine and 536 g of a 20% aqueous 
solution of sodium hydroxide were charged. While 
stining tiie contents vigorously at 40*'G, 203.7 g of 
carbon disulfide was added dropwise from the 
dropping funnel. Subsequent to completion of the 
dropwise addition, the reaction mixture was aged at 
tiie same temperature for 4 hours. The reaction 
mixture was tiiereafter poured in a large volume of 
acetone so that a precipitate was formed. The 
precipitate was subjected to reprectpitation tiiree 



times from a water-acetone system for Its purifica- 
tion. The precipitate was then dried under reduced 
pressure, thereby obtaining 260 g of a metal scav- 
enger as powder. The metal scavenger contained a 

5 sodium dithiocarboxylate group as an N-substituent 
and had a sulfur content of 55.8 wt%. 

Sixty-six milligram portions of a mixture, which 
had been obtained by mixing 50 g of sodium 
hydrogensultide with 100 g of the above metal 

70 scavenger, were added separately to 1000 ml 
samples of four types of aqueous solutions, i.e., a 
copper-ion containing aqueous solution (Cu^ con- 
tent = 60 ppm, pH = 5.0), a cadmium-ion contain- 
ing aqueous solution (Cd^^ content » 50 ppm, pH 

IS - 5.0), a mercury4on containing aqueous solution 
(Hg** content = 50 ppm, pH = 5.0) and a lead-ion 
containing aqueous solution (Pb'* content = 50 
ppm, pH = 5.0). After stirring each of the resultant 
mixture for 5 minutes, it was altowed to stand so as 

20 to measure the time required until the predpltation 
of the resultant floc. Results are shown in Table 1. 
Subsequent to removal of the floc by filtration, the 
concentration of the corresponding metal ions still 
remaining in the filtrate was measured by atomlc- 

25 absorption spectroscopy. Measurement results and 
the volumes of the resultant floes are also given In 
Table 1. 



Charged in a reactor similar to that employed 
In Example 1 were 101 g of trietiiyltetramine and 
464 g of a 20% aqueous solution of sodium hy- 

35 droxide. After reacting 176.3 g of cartx)n disulfide 
In the same manner as in Example 1 , the resultant 
precipitate was purified and dried to obtain 265 g 
of a metal scavenger as powder. The metal scav- 
enger contained a sodium dithiocarboxylate group 

40 as an N-substituent and had a sulfur content of 
44.8 wt%. 

Sixty-two milligram portions of a mixture, which 
had been obtained by mixing 75 g of sodium 
pentasulfide with 100 g of the above metal scaven- 

45 ger. were separately added to 1000 ml samples of 
the same types of aqueous solutions as those 
employed in Example 1. Following ttie procedures 
of Example 1, the floc predpltation time periods, 
amounts of fonmed floes, and the concentrations of 

50 the metal ions still remaining in the filtrates were 
measured. Results are shown In Table 1. 
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Example 3 

Charged in a reactor similar to that employed 
in Example 1 were 48.5 g of diethyienetriamlne and 
312 g of water. The contents were heated to 60**C, 
at which 145.9 g of cartx>n disulfide was added 
dropwise from a dropping funnel. After completion 
of the dropwise addition, aging was earned out at 
the same temperature. The reaction mixture was 
then heated to 70 -75 *C. followed by an addition of 
384 g of a 20% aqueous solution of sodium hy* 
dr(»dde. They were reacted for 1.5 hours. There- 
after, the resultant precipitate was purified and 
dried in the same manner as in Example 1 to 
otnain 179.8 g of a metal scavenger as powder. 
The metal scavenger contained a sodium dithlocar- 
txixylate group as an N-sut>$tftuent and had a 
sulfur content of 50.3 wt%. 

Seventy-two milligram portions of a mixture, 
which had been ot)tained by mixing 25 g of sodium 
hydrogensuKide and 25 g of sodium pentasuKide 
with 100 g of the at)ove metal scavenger, were 
separately added to 1000 ml samples of the same 
types of aqueous solutions as those employed in 
Example 1. Following the procedures of Example 1, 
the fioc precipitation time (Deriods. amounts of 
formed fioc. and the concentrations of the metal 
ions still remaining in the filtrates were nneasured. 
Results are shown in Table 1 . 



Example 4: 

Charged in a reactor similar to that employed 
in Example 1 was 372 g of water, followed by 
dispersion of 70.7 g of finely-ground hex- 
amethyienediamine. At 40**C. 141.4 g of carbon 
disulfide was added dropwise. After completion of 
tile dropwise addition, aging was carried out at the 
same temperature. Then. 248 g of a 30% aqueous 
solution of sodium hydroxide was added and the 
reaction mixture was heated to 50" C, at which they 
were reacted for 1.5 hours. After completion of the 
reaction, the resultant insoluble matter was collated 
by filtration. After washing the insoluble matter with 
water and then with acetone, it was ground and 
then dried under reduced pressure to otitain 208.7 
g of a metal scavenger in a ground form. The 
metal scavenger contained a sodium dlthlocartx)x- 
ylate group as an N-substttuent and had a sulfur 
content of 46.5 wt.%. 

Rfty-nine milligram portions of a mixture, which 
had been obtained by mixing 75 g of sodium 
tetrasulfide with 100 g of the atx)ve metal scaven- 
ger, were separately added to 1000 ml samples of 
the same types of aqueous solutions as those 
employed in Example 1. Following the procedures 
of Example 1. the floe precipitation time periods. 



amounts of formed fioc. and the concentrations of 
the metal ions still remaining in the filtrates were 
measured. Results are shown in Table 1. 

5 

Example 5: 

Charged in a reactor similar to the employed in 
Example 1 were 89 g of phenylenediamine, 282 g 

10 of a 1:1 mixture of water and acetone and 398 g of 
a 20 wt% aqueous solution of sodium hydroxide, 
followed by an addition of 96 g of carbon dioxide 
under pressure at 80*C. At the same temperature, 
they were reacted for 3 hours. The precipitate was 

rs then purified in the same manner as in Beample 1, 
thereby obtaining 244.9 g of a metal scavenger 
having sulfur content of 42^ wt%. 

Seventy-six milligram portions of a mixture, 
which had been obtained by mixing 50 g of sodium 

20 hydrogensuKide with 100 g of the abwe metal 
scavenger, were separately added to 1000 ml 
samples of the same types of aqueous solutions as 
those employed in Example 1 . Following the proce- 
dures of Example 1, the floe precipitation time 

25 periods, amounts of formed fioc. and the con- 
centrations of the metal ions still remaining in the 
filtrates were measured. Results are shown in Ta- 
ble 1. 

30 

Example 6: 

Charged in a reactor similar to that employed 
in Example 1 were 90.2 g of N-propyl- 

3S triethylenetetramine and 640 g of a 15% aqueous 
solution of sodium hydroxide. After reacting 172.8 
g of carbon disulfide in the same manner as in 
Example 1, the resulting precipitate was purified 
and then dried to otnain 301.9 g of a metai scaven- 

40 ger containing a dltiocartx>xyl group as an N*sub- 
stituent and having a sulfur content of 40.8 wt.%. 

Rfty-two milligram portions of a mixture, which 
had been obtained by mixing 100 g of sodium 
pentasulfide with 100 g of the above metal scaven- 

45 ger, were separately added to 1000 ml samples of 
the same types of aqueous solutions as those 
employed in Example 1. Following the procedures 
of Example 1, the fioc precipitation time periods, 
amounts of formed floe, and the concentrations of 

60 the metai ions still remaining in the filtrates were 
measured. Results are shown In Table 1. 
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Example 7: 

Seventy-six milligram portions of a mixture, 
which had been obtained by mixing 50 g of sodium 
monosuifide with 100 g of the same metai scaven- 
ger as that obtained in Example 5, were separately 
added to 1000 ml samples of the same types of 
aqueous solutions as those employed in Example 
1. Following the procedures of Examplel. the floe 
precipitated time periods, amounts of formed floe, 
and the concentrations of the metai ions still re- 
maining in the filtrates were measured. Results are 
shown in Table 1. 



Example 8: 

Rfty-two milligram portions of a mixture, which 
had been obtained by mixing 100 g of sodium 
monosuifide witii 100 g of the same metal scaven- 
ger as that obtained in Exampe 6, were separately 
added to 1000 ml samples of the same types of 
aqueous solutions as those employed in Example 
1. Following the procedures of Example 1, the fioc 
precipitation time periods, amounts of formed floe, 
and the concentrations of the metal ions still re- 
maining in tile filtrates were measured. Results are 
shown in Table 1. 



Example 9: 

Charged in a reactor similar to that emptoyed 
in Example 1 were 100 g of a 3 0% aqueous 
solution of polyethyleneimine (M W « 5,000) and 
140 g of a 10% aqueous solution of sodium hy- 
droxide, followed by a dropwise addition of 26.6 g 
of carbon disulfide at 35 -40''C. After completion of 
the dropwise addition, they were reacted at 55 - 
60"C for 2 hours. After completion of the reaction, 
the resultant insoluble matter was collected by fil- 
tration. After washing the insoluble matter with wa- 
ter and then with acetone, it was dried under re- 
duced pressure to obtain 57.2 g of a metal scaven- 
ger having a sulfur content of 33.3 wt.%. 

Eighty milligram portions of a mixture, which 
had been obtained by mixing 30 g of sodium 
hydrogensuifide witii 100 g of the above metal 
scavenger, were separately added to 1000 ml 
samples of the same types of aqueous solutions as 
those employed in Example 1. Following the proce- 
dures of Example 1, tiie floe precipitation time 
periods, amounts of formed floe, and the con- 
centrations of the metal ions still remaining in the 
filtrates were measured. Results are shown in Ta- 
ble 1.. 



Example 10: 

Charged in a reactor similar to that employed 
in Example 1 were 106 g of N-(/8-hydroxylauryl)- 

5 etiiylenediamine and 90 g of a 20% aqueous solu- 
tion of sodium hydroxide. While vigorously agitat- 
ing tfie contents at 40"C, 33 g of carbon disulfide 
was added dropwise from a dropping funnel. After 
completion of the dropwise addition, aging was 

70 carried out for 4 hours at the same temperature. 
The reaction mixture was then poured In a great 
deal of acetone to form a precipitate. After by 
subjecting tiie precipitate to reprecipitation tiiree 
times from a water-acetone system and purifying 

75 tiie same, tiie precipitate was dried under reduced 
pressure to oi>tajn 125 g of a metal scavenger 
having a sulfur content of 17.5 wt.%. 

Portions, each of 0.3 g, of a mixture, which had 
been obtained by mixing 30 g of sodium monosul- 

20 fide with 100 g of the above metal scavenger, were 
separately added to 1000 ml samples of tiie same 
types of aqueous solutions as those employed in 
Example 1. Following the procedures of Example 1. 
tiie floe precipitation time periods, amounts of 

25 formed floe, and the concentrations of the metal 
ions still remaining in tiie filtrates were measured. 
Results are shown in Table 1. 



30 Example 11: 

Charged in a reactor similar to tiiat employed 
in Example 1 were 118 g of N-(i8-hydroxyoetyl)- 
trietfiyltetramine and 180 g of a 20% aqueous 

35 solution of sodium hydroxide. After reacting 66 g of 
carbon disulfide In the same manner as in Example 
1. tiie resultant precipitate was purified and dried to 
obtain 195 g of a metal scavenger as pale yellow 
powder. The metal scavenger had a suHur content 

40 of 26.8 wt.%. 

Portions, each of 0,3 g, of a mixture, which had 
been obtained by mixing 30 g of sodium pentasul- 
fide with 100 g of the above inetal scavenger, were 
separately added to 1000 ml samples of the same 

45 types of aqueous solutions as tiiose employed in 
Example 1. Following the procedures of Example 1, 
tiie floe precipitation time periods, amounts of 
fonned floes, and the concentrations of tiie metai 
ions still remaining in the filtrates were measured. 

50 Results are shown in Table 2. 



Example 12: 

65 Charged in a. reactor similar to that employed 
In Example 1 were 173 g of N,N' "-bis(p-hydrox- 
yoctyl)trietiiyleneteframine and 360 g of a 20% 
aqueous solution of sodium hydroxide. After reac- 



6 



11 



0 211 305 



12 



ting 66 g of carbon disulfide in the same manner 
as in Example 1, the resultant precipitate was purh 
fied and dried to obtain 286 g of a metal scavenger 
as pale yellowish white powder. The metai scaven- 
ger had a sulfur content of li9.1 wt%. 

Portions, each of 0.4 g, of a mixture, which had 
been obtained by mixing 20 g of sodium hydnDgen- 
sutfide with 100 g of the above metal scavenger, 
were separately added to 1000 ml samples of the 
same types of aqueous solutions as those em- 
ployed in Example 1. Following the procedures of 
Example 1. the fioc precipitation time periods, 
amounts of formed floes, and tiie concentrations of 
the metal ions still remaining in the filtrates were 
measured. Results are shown in Table 2. 

Example 13: 

Charged in a reactor similar to that employed 
in Example 1 were 167 g of N-(/8-hydroxyhex- 
adecyl)dlethylenetriamine and 200 g of water. The 
contents were then heated to eO'C. at which 44 g 
of cart)on disulfide was added dropwise from a 
dropping funnel. After completion of the dropwise 
addition, aging was carried out for 4 hours at tf>e 
same temperature. The reaction mixture was then 
heated to 70 -TS^C, followed by an addition of 120 
g of a 20% aqueous solution of sodium hydroxide 
to proceed witii a reaction for 1.5 hours. Thereafter, 
the resultant precipitate was purified and dried in 
ttie same manner as in Example 1 to obtain 207 of 
a metal scavenger as pale reddish bro¥vn powder. 
The metai scavenger had a sulfur content of 15.7 
wt%. 

Portions, each of 0.3 g. of a mixture, which had 
been obtained by mixing 20 g of sodium monosul* 
fide with 100 g of the above metal scavenger, were 
separately added to 1000 ml samples of the same 
types of aqueous solutions as those employed in 
Example 1. Following the procedures of Example 1, 
the floe precipitation time periods, amounts of 
formed floe, and the concentrations of ttie metal 
ions still remaining in the filtrates were measured. 
Results are shown in Table 2. 



Example 14: 

Charged in a reactor similar to that employed 
in Example 1 was 429 g of water, followed by 
dispersion of 299 g of finely-ground N-(fl-hydrox- 
yoctacosyl)hexamethylenediamine. At 40^C, 47 g 
of cart>on disulfide was added dropwise. After com- 
pletion of the dropwise addition, aging was carried 
out at the same temperature. Then, 74 g of a 30% 
aqueous solution of sodium hydroxide was added 
and the reaction mixture was heated to 50 ''G, at 



which they were reacted for 1.5 hours. After com- 
pletion of the reaction, the resultant insoluble mat- 
ter was collected by filtration. After washing tite 
insoluble matter with water and then with acetone, 

5 it was ground and tiien dried under reduced pres- 
sure to obtain 306 g of a yellowish metal scavenger 
in a ground form. The metal scavenger had a sulfur 
content of 12.5 wt%. 

Portions, each of 0.4 g, of a mixture, which had 

10 been obtained by mixing 20 g of sodium monosul- 
fide with 100 g of the alx>ve metal scavenger, were 
separately added to 1000 ml samples of the same 
types of aqueous solutions as those employed in 
Example 1. Following the procedures of Example 1, 

75 the floe precipitation time periods, amounts of 
fonmed floes, and the concentrations of the metal 
ions still remaining in ttie filtrates were measured. 
Results are shown in Table 2. 

20 

Example 15: 

Ninety-nine grams of a commercial 
polyettiylenepolyimine (product of Nippon 

25 Sholcubai Kagaku Kogyo Co.. Ltd.; "Epomin SP- 
300", trade name; average molecular weight 
30.000) were dissolved in 146 g of ethyl alcohol. 
While heating the solution to 75"C and stining it at 
the same temperature. 212 g of an epoxyalkane - 

90 {carton number 12) was added dropwise under 
reflux. After completion of tfie dropwise addition, 
the reaction mixture was maintained at the same 
temperature for 2 hours and was then concen- 
trated, thereby obtaining 231 g of yellowish cry- 
as stalltne solid matter. Two hundred grams of the 
crystalline solid matter were finely comminuted and 
then dispersed in 200 g of water. Twenty grams of 
sodium hydroxide were then added, followed by a 
dropwise addition of 32 g of carbon dioxide at 

40 40»C. After the dropwise addition, their reaction 
was caused to proceed at the same temperature 
for 2 hours. After completion of the reaction, iri- 
souble matter was collected by flitration. After 
washing ttie insoluble matter with water and tiien 

46 with acetone, it was dried under reduced pressure 
to obtain 241 g of a yellowish metal scavenger in a 
ground form. The metaj scavenger had a suifor 
content of 10.1 wt%. 

Portions, each of 0.3 g. of a mixture, which had 

so been obtained by mixing 30 g of sodium pentasul- 
fide witti 100 g of the above metal scavenger, were 
separately added to 1000 ml samples of the same 
types of aqueous solutions as ttiose employed in 
Example 1. Following the procedures of Example 1, 

55 ttie floe precipitation time periods, amounts of 
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formed floe, and the concentrations of the metal 
ions still remaining In the filtrates were measured. 
Results are shown in Table 2. 



Example 16: 

After dissolving 200 g of the same crystalline 
solid matter as that obtained in Example 15, which 
had been obtained by reacting the an epoxyalkane 
with poly ethyleneimine. in 58 g of concentrated 
aqueous ammonia, the resutting solution was dis- 
persed in 300 g of water, followed by a dropwise 
addition of 32 g of cartx>n disulfide at 40''C. After 
the dropwise addition, their reaction was caused to 
proceed at the same temperature for 2 hours. After 
completion of the reaction, insoluble matter was 
collected by filtration. After washing the insoluble 
matter with water and then with acetone. It was 
dried under reduced pressure to obtain 239 g of a 
yellowish metal scavenger in a ground form. The 
metal scavenger had a sulfur content of 10.8 wt.%. 

Portions, each of 0.3 g, of a mixture, which had 
been obtained by mixing 15 g of sodium monosul- 
fide and 15 g of sodium pentasuifide with 100 g of 
the above metal scavenger, were separately added 
to 1000 ml samples of the same types of aqueous 
solutions as those employed in Example 1. Follow- 
ing the procedures of Example 1, the floe precipita- 
tion time pedods. amounts of formed floe, and the 
concentrations of the metal ions still remaining in 
the filtrates were measured. Results are shown in 
Table 2. 



Example 17: 

One hundred grams of the metal scavenger 
obtained in Example 15 was dispersed in 200 g of 
water, followed by an addition of 24 g of ammo- 
nium chloride. They were reacted at 50'C for 4 
hours. After completion of the reaction, insoluble 
matter was collected by filtration. After washing the 
insoluble matter with water and then with acetone, 
it was dried under reduced pressure to obtain 95 g 
of a yellowish metal scavenger having a sulfur 
content of 11.5 wt%. In the metal scavenger, the 
active hydrogen atom of dithioc^rttoxyl group had 
been substituted by an ammonium ion. 

Portions, each of 0.3 g, of a mixture, which had 
been obtained by mixing 30 g of sodium hydrogen- 
sulfide with 100 g of the above metal scavenger, 
were separately added to 1000 ml samples of the 
same types of aqueous solutions as those em- 
ployed in Example 1. Following the procedures of 
Example 1. the floe precipitation time periods. 



amounts of formed floe, and the concentrations of 
the metal ions still remaining In the filtrates were 
measured. Results are shown In Table 2. 

5 

Example 18: 

One hundred grams of the sodium salt of N- 
(dithiocartx>xy)ethylenediamine and 116.5 g of an 

TO epoxyalkane (carbon numtier 12) were reacted at 
80"C for 3 hours in 500 g of a 1:1 mixture of water 
and acetone. After completion of the reaction, the 
reaction mixture was poured in a large amount of 
acetone to form a precipitate. The precipitate was 

IS collected by filtration. The pnedpltate was then 
subjected to reprecipitation three times from a 
water-acetone system for Its purification. It was 
then dried under reduced pressure, thereby obtain- 
ing 165 g of a metal scavenger as pale brown 

20 powder. The metal scavenger had a sulfur content 
of 17.8 wt%. 

Portions, each of 0,3 g, of a mixture, which had 
been obtained by mixing 30 g of sodium monosul- 
fide with 100 g of the above metal scavenger, were 

25 separately added to 1000 ml samples of the same 
types of aqueous solutions as those employed in 
Example 1. Following the procedures of Example 1, 
the floe precipitation time periods, amounts of 
formed floe, and the concentrations of the metal 

00 ions still remaining in the filtrates were measured. 
Resulte are shown in Table 2. 



Example 19: 

35 

Charged In a reactor similar to that employed 
in Example 1 were 120.6 g of the sodium salt of 
N,N,N*-tris(dithiocart}Oxy)phenylenedlamine, 552 g 
of an epoxyalkane (cart>on number: 12) and 500 g 

40 of a 1:1 mixture of water and acetone. After reac- 
ting them at SO^'C for 4 hours, the reaction mixture 
was poured in a large amount of acetone to form a 
precipitete. The precipitate was collected by flttra- 
tlon. After purifying the thus-collected precipitate In 

45 the same manner as in Example 18. It was then 
dried under reduced pressure to obtain 170.5 g of 
a metal scavenger as pale brown powder. The 
metal scavenger had a sulfur content of 32.76 
wt.%. 

50 Portions, each of 0.4 g, of a mixture, which had 
been obtained by mixing 20 g of sodium pentasui- 
fide with 100 g of the at}0ve metal scavenger, were 
separately added to 1000 ml samples of the same 
types of aqueous solutions as those employed in 

55 Example 1. Following the procedures of Example 1, 
the floe precipitation time periods, amounts of 
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formed floe, and tfie concentrations of the n^etal 
ions still remainir^g in the fiKrates were measured. 
Results are shown in Table 2. 



Example 20: 

Charged in a reactor similar to that employed 
in Example 1 were 159.0 g of N'.N".N' ".N" 
tetrakis-(dlthlocartx>xy)triethylenetetramine, 73.6 g 
of an epoxyalkane (cartxin number 12) and 500 g 
of a 1:1 mixture of water and acetone. After reac- 
ting them in the same manner as in Example 19, 
the reaction mixture was purified and dried in the 
same manner as in Example 16 to obtain 230 g of 
a metal scavenger as brown powder. The metal 
scavenger had a sulfur content of 32.8 wt.%. 

Portions, each of 0.3 g, of a mixture, which had 
been obtained by mixing 10 g of sodium monosul- 
fide and 5 g of sodium pentasulfide with 100 g of 
the above metal scavenger, were separately added 
to 1000 ml samples of the same types of aqueous 
solutions as those employed in Example 1 . Follow- 
ing the procedures of Example 1 , the floe precipita- 
tion time periods, amounts of formed floe, and the 
concentrations of the metal ions still remaining in 
the filtrates were measured. Results are shown in 
Table 2. 



Example 21: 

Ninety-nine grams of a commerical 
polyethylenepolyimine (product of Nippon 
Shokubai Kagaku Kogyo Co.. Ltd.; "Epomin SP- 
003", trade name; molecular weight about 300) 
were dissolved in 146 g of ethyl alcohol. While 
heating the solution to ^*C and stining it at the 
same temperature. 212 g of the epoxyalkane - 
(carbon number 12) was added dropwise under 
reflux. After completion of the dropwise addition, 
ttie reaction was allowed to proceed at the same 
temperahjre for furttter 2 hours. After completion of 
the reaction, the reaction mixture was concentrated 
to obtain 210 g of yellowish crystalline solid matter. 
Two hundred grams of the thus-obtained crystalline 
solid matter were comminuted to fine particles arKi 
then dispersed in 200 g of water, to which 20 g of 
sodium hydroxide was added. At 40'*C, 32 g of 
carbon dioxide was added. After completion of the 
dropwise addition, they were reacted at 40"C for 2 
hours. After completion of the reaction, the resul- 
tant insoluble matter was collected by filtration and 
then washed with water. After washing it furtiier 



with acetone, it was dried under reduced pressure 
to obtain 235 g of a metal scavenger as yelkiw 
powder. The metal scavenger had a suffur content 
of 10.6 wt%. 

5 Portions, each of 0.5 g. of a mixture, which had 

been obtained by mixing 10 g of sodium hydrogen- 
sulfide wHh 100 g of the above metal scavenger, 
were separately added to 1000 ml samples of the 
same types of aqueous solutions as those em- 

70 ployed in Example 1. Following the procedures of 
Example 1, the floe precipitation time periods, 
amounts of formed floe, and the concentrations of 
the metal ions still remaining in the filtrates were 
measured. Results are shown in Table 2. 

IS 

Comparative Example 1 : 

To 1000 ml samples of the same types of 
20 aqueous solutions as those empksyed in Example 
1, 116-mg portions of the same metal scavenger as 
that obtained in Example 1 were solely added 
separately. Following the procedures of Example 1. 
the fioc precipitation time periods, amounts of 
2S fonmed fkx:, and the concentrations of the metal 
ions still remaining In the filtrates were measured. 
Results are shown in Table 3. 



30 Comparative Example 2: 

To 1000 ml samples of the same types of 
aqueous solutions as those employed In Example 
1. 132-mg ' portions of sodium diethyldithiocar- 

35 tMumate were added separately. Following the pro- 
cedures of Example 1 , the floe precipitation time 
periods, amounts of formed floe, and the con- 
centrations of the metal ions still remaining in tiie 
filtrates were measured. Results are shown in Ta- 

40 ble 3. 



Comparative Example 3: 

45 To 1000 ml samples of the same types of 
aqueous solutions as those employed in Example 
1. 0.3-g portions of the same metal scavenger as 
that otstained in Example 1 were solely added 
separately. Folk)wing the procedures of Example 1 , 

50 the floe precipitation time periods, amounts of 
formed fioc, and the concentrations of the metal 
ions still remaining in the filtrates were measured. 
Results are shown in Table 3. 

55 
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Having now fully described the invention, it will 
be apparent to one of ordinary skill in ttie art that 
many modifications and changes can be made 
thereto without departing from the spirit or scope of 
the invention as set forth herein. 



aaims 

1. A process for scavenging a metal, which 
comprises adding a metal scavenger, which con- 
tains at least one cart)odlthio group and/or at least 



one carbodithioate salt group as N*substituents per 
molecule, together with at least one of sodium 
monosutfide. sodium polysulfides and sodium 
hydrogensulfide to metal ion containing waste wa- 

5 ter so as to scavenge and remove the metal ions 
from the waste water. 

2. A process according to Claim 1 . wherein the 
metal scavenger contains, as an N-substituent. at 
least one group selected from the class consisting 

10 of alkyi groups, i9-hydroxyaikyl groups and acyl 
group. 
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